Abstract: Industry 4.0 initiatives can influence whole business system via transforming the means the products are designed, produced, delivered and discarded. Industry 4.0 is relatively novel to developing nations, especially in India and needs a clear definition for proper understanding and practice in business. This paper aims to recognize key challenges to Industry Findings of the study revealed that Organizational challenges holds the highest importance followed by Legal and ethical issues, Strategic challenges, and Technological challenges. This work is very useful for practitioners, policy makers, regulatory bodies and managers to develop an in-depth understanding of Industry 4.0 initiatives and eradicate the potential challenges in adopting Industry 4.0 initiatives for supply chain sustainability.
Introduction
Industry 4.0 is the current buzzword in industry (Hermann et al., 2016) . In recent years, organizations are seeking to adopt sustainability aspects in their business activities (Mangla et al., 2015; Govindan et al., 2016; Luthra et al., 2017) . On the other hand, industries are struggling to fulfill the continuously changing preferences of customers along with ensuring a sustainable evolvement in business (Stock and Seliger, 2016) . To create an innovative business environment, industrial managers are adopting modern technologies like 3D printing, Internet of Things, Data Analytics, Industry 4.0 (Almada-Lobo, 2016). These technologies including Industry 4.0 significantly transforming the behavior of supply chain management (SCM) (Tjahjono et al., 2017) . Industry 4.0 based sustainability oriented concept helps industrial managers not only to incorporate environmental protection and control initiatives but also to couple process safety, such as resources efficiency, employee and community welfare, smarter and flexible processes measure in their supply chains.
The fourth industrial revolution provides tremendous industrialization growth, but may also disturb the sustainability of current industrial systems (Hermann et al., 2016; Liao et al., 2017) .
This may further causes earth ecological imbalance in terms of higher resources consumption, global warming, climate change problems, and higher energy requirements. In addition to this, rapid industrialization also contributes to degradation of health and safety of workforce. In this sense, industrial production systems need to be balanced environmentally, socially and economically in employing modern technologies. The majority of studies on Industry 4.0 considered the manufacturing sector context and ignored the supply chain system. Industry 4.0 initiatives transform a production system and supply chain into a smart production system largely based on cyber physical interaction of connected elements. This allows business process and activities to integrate and making manufacturing system more flexible, economical, and environmental friendly (Wang et al., 2016) . Form an organizational supply chain context, Industry 4.0 involves several challenges like data quality and credibility, unemployment, complexity issues, less human control, and higher negative environmental impacts. Hence, rigorous research is needed to address sustainability implications in Industry 4.0 based smart industrial value chain systems (Sarkis, 2012; Schmidt et al., 2015; Stock and Seliger, 2016; Waibel et al., 2017) .
Currently, Industry 4.0 is relatively novel to developing nations, especially in India and needs a clear definition for proper understanding and practice in business (Hofmann and Rüsch, 2017) .
India is one of the leading emerging economies with fastest growth rate (Forbes, 2016) . Indian manufacturing industry contributes 15-16% to national GDP and employs around 12% of the working population (IBEF, 2016) . Recently, to shape manufacturing sector in India, an initiative "Make in India" was launched by Honorable Prime Minister Mr. Narender Modi. The projects such as Smart City and Digital India provide enormous extent to employ Internet of things and Industry 4.0 initiatives in Indian market (Abhishek, 2017) . In 2016, India's rank in the Network Readiness Index (NRI) was 91 out of 139 countries. It means that India is comparatively slow in adopting modern information technologies as compared to Malaysia and China (Grant Thornton Report, 2017) . The industrial automation level in manufacturing sector is also comparatively lower in India. From managerial viewpoints, the adoption of Industry 4.0 based concepts in manufacturing is in its nascent stage in India as compared to other sectors like automotive, service management, food, energy and power sector (BRICS Business Council, 2017) . Indian government seeking to develop the economy and generate employment opportunities so as employing Industry 4.0 and modern information technologies in manufacturing environment, smart cities development, and Digital India initiative (Grant Thornton Report, 2017) . For developing best class manufacturing infrastructure in India, the "Make in India" initiative must be coupled with 'Industry 4.0'. Therefore, it is important for manufacturing sector in India as an emerging economy to deal with the various challenges to Industry 4.0 initiatives in developing ecological, social, economic sustainability of supply chain. The first objective of this work is to recognize key challenges to Industry 4.0 initiatives for accomplishing sustainability orientation in supply chains. The second objective of this work is to analyze the identified key challenges with an aim to prioritize them for effective Industry 4.0 initiatives for supply chain sustainability in emerging economies in an Indian context. In this work, a questionnaire based survey is conducted (Field, 2009) 
Literature Review
This section covers the literature on Industry 4.0 and sustainability in supply chain, identifies the relevant challenges to the problem and highlights the gaps for this research as well.
Industry 4.0
Over the past few years, industrial systems are influenced greatly by the introduction of the IoT and Cyber Physical networks concepts (Wollschlaeger et al., 2017) . The fourth industrial revolution has gained considerable attention among researchers and scholars all over the globe (Liao et al., 2017) . For in-depth understanding of 'fourth industrial revolution', it is significant to know previous three industrial revolutions. The first industrial revolution provides groundwork to industrialization. The second revolution provides groundwork to Power and emerges the concept of 'hard automation'. The third revolution provides groundwork to computers and emerges the idea of 'flexible automation'. The fourth revolution provides groundwork to Industry 4.0 with application of modern information and communication technology and connected with integration of industry automation, data networks, and contemporary manufacturing technologies like intelligent production, human-computer interaction, 3D printing, remote operations etc. (Basl, 2017; Khan et al., 2017; Duarte and Cruz-Machado, 2017) . The concept of "Industry 4.0" was introduced by Hanover Messe in 2011.
Industry 4.0, can be understood as the "smart manufacturing" or "integrated industry" has the capability to influence the whole business in terms of products are designed, manufacture and delivered etc. (Hofmann and Rüsch, 2017) . Industry 4.0 provides more efficient means to control the production system compared to traditional centralized system. In recent years, Industry 4.0 predominantly revealing the forthcoming transformations of the manufacturing industry landscape, especially in developed economy. However, the concept is comparatively novel to developing economies and needs an in-depth understanding and practice in business (Hofmann and Rüsch, 2017) .
Industry 4.0 and Supply Chains and Sustainability
From an organizational context, managers are pushing to adopt modern technological development and process innovations in the value chains. The process innovations like green, lean, distributed manufacturing when coupled to modern information technology based Industry 4.0 initiatives leads to a sustainable culture in industrial supply chains. This will evolve new sustainable trends in business especially for the manufacturing environment in developing economies (Duarte and Cruz-Machado, 2017) . In addition to this, Industry 4.0 can influence supply chain activities, business process and models significantly.
In today' scenario, industrial systems needs to incorporate sustainability along with improving flexibility of supply chain operations (Bechtsis et al., 2017) . Industry 4.0 allows industrial systems to develop a global cyber physical network of machines, equipment, sensors, and facilities for better data exchange and control. This global cyber physical network would be highly flexible and smarter leads to a smart factory and smart value chain. This further enhances the overall performance of whole business by improvising each business activity like design, material and machine requirements, product lifecycle and supply chain management etc. (Gilchrist, 2016; Lin et al., 2017) . Industry 4.0 facilitates highly organized interconnections among materials, goods and equipment, while satisfying customer requirements in a supply chain context (Branke et al., 2016) . The application of Industry 4.0 technologies enables the real-time monitoring and controlling of important production parameters, such as production status, energy consumption, flow of materials, customers' orders, and suppliers' data (de Sousa Jabbour et al., 2018b) . Industry 4.0 and sustainability has become the recent emerging threads for industrial supply chains for improving the productivity and developing a more sustainable culture. Industry 4.0 is assumed to be a new business mind-set that can help business organisations and society to move towards sustainable development (de Sousa Jabbour et al., 2018a) . Industry 4.0 is also termed as the future of the supply chains. Smart factories can have a variety of sustainability implications like optimal use of resources, technology etc. (Stock and Seliger, 2016; Quezada et al., 2017) . This grounds the need of present research for understanding Industry 4.0 driven sustainability orientation in supply chains. For higher business gains, the term Industry 4.0 needs to be clearly understood by the managers (Brettel et al., 2014) . Thus, Industry 4.0 needs a highly organized nomenclature and focal research for a specific definition.
Presently, Industry 4.0 involves several aspects and challenges in developing a sustainable business environment (Schmidt et al., 2015; Zhou et al., 2015) .
Challenges to Industry 4.0 initiatives for sustainability in supply chains
Eighteen key challenges to Industry 4.0 initiatives for developing sustainability in supply chains are identified through literature review and expert's inputs (please refer Section 4 data collection for more details) as explained in Table 1 . Nicoletti, 2018 terms of advanced equipment and machines, facilities and sustainable process innovations.
Methodology
The research methodology adopted for the present work is shown in Figure 1 .
[ Figure 1 about here]
For this work, we performed Systematic Literature Review (SLR) (Biel and Glock, 2016; Papadopoulos et al., 2016; Liao et al., 2017) . and Challenges. For searching these keywords, Scopus and Google Scholar and Google databases were explored. Next, the collected articles were examined in relation to these keywords. In addition to this, we also evaluated the collected articles using some criteria, given as -(i) the articles written in English only were considered; (ii) the articles belongs to peer reviewed publications and published reports were only considered. To the last, we also used the forward snowball and backward snowball approach in literature review . In this way, the literature review was performed in this research. 
Instrument development and data collection
Development of a quality instrument is a fundamental in theoretical development (Luthra et al., 2016a) . Well-designed questionnaires provide the consistency among respondents, deeper understanding of the industrial practices, and provide superior quality of the collected data (Synodinos, 2003) . After a detailed review of the literature, 18 challenges for this research work were noted. The experts were asked to add/delete/modify the list according to implementation of Google search, various website newspapers and other sources. The targeted population was randomly selected and the mail was sent to 200 respondents. In initial mail survey, only 11 completed questionnaires were received. Four weeks later, reminder emails were sent. After several emails reminders, a total 42 completed responses were collected. This provides a satisfactory response rate of 21% (Malhotra and Grover, 1998) .
Several criteria are considered for evaluating the differences in the key results of the survey.
Some of the criteria are: Types of industry, Organization type, Annual turnover, Kind of business, Information about Suppliers and Level of Automation. Demographics summary of responding organizations has been shown in Table 2 . The survey results ensured that a variety of Indian manufacturing industries (Automotive; Metals and Machinery; Electrical equipment and appliances; Food and beverage and Textile etc.) have been covered in the survey. All the survey industries were involved in the manufacturing. The adaptation of modern information and technology can be seen in all business sectors in Indian scenario, especially in manufacturing sector where industries are transforming their business through Industry 4.0 initiatives. It is assumed that they all almost had similar behavior for the implementation of the industry 4.0 aligned with the sustainability assumptions.
In this work, mean and standard deviations for the challenges are computed as descriptive statistics as shown in Table 3 . Notably, all listed challenges obtained mean value greater than 3. This suggests that all identified challenges are significant.
Reliability, validity and non-biasness
Reliability test evaluates the accuracy of responses received from the respondents (Hair et al. 2006 ). In addition, for convergent validity, the factor loading of above 0.5 is desired (Field, 2009) . In this work, all challenges' obtained a loading of more than value 0.5. For testing the internal consistency of conducted survey instrument, Cronbach's alpha value of above 0.5 is preferred (Nunnally, 1978) . The value of Cronbach's alpha comes to be highly acceptable and confirms the internal reliability. Next, Discriminant validity of questionnaire items was checked. Similarly, the 42 responses from the random sampling were divided into two groups representing the "early respondents'' and ''late-respondents''. In this work, 11 respondents are termed as early and the remaining 31 late. We used Chi-square test to test any significant difference between two categories of response. The Chi-square test rejects the presence of any significant difference between early and late responses.
Explanatory factor analysis (EFA)
Explanatory factor analysis is used for data reduction and analysis (Hair et al. 2006) . The factor analysis and reliability tests were conducted for validating the challenges with the help of statistical software -SPSS Version 20.0. The KMO value obtained (0.758) is significantly more than the recommended minimum value i.e. 0.6 (Kaiser, 1974; Hair et al. 2006 ). Bartlett's Test of Sphericity is also significant for the challenges (p < 0.01). Thus, it is inferred that all the listed challenges are found highly relevant to apply EFA.
In our case, all challenges have Eigen-values of discontinuity of more than 1.0, factor loadings above 0.5 and Cronbach's alpha value of more than 0.7 (Nunnally 1978; Hu and Hsu, 2010; Luthra et al., 2016a) . The results obtained from EFA are understood by providing different labels to the dimensions as 
AHP
AHP is a decision analysis tool proposed by Prof. Thomas L. Saaty in 1980 (Saaty, 1980 . The complex decision problems are converted into an ordered structure consisting of multiple levels (Papalexandrou et al., 2008; Dey and Cheffi, 2013) . AHP is used as a better decision making tool compared to ANP, due to its wide acceptability and simplicity in use (Mangla et al., 2015; Luthra et al., 2017) . However, AHP may involve some small inconsistency in human judgment (Gandhi et al., 2016) . This study proposes to use AHP to analyze identified challenges to know their priority in accomplishing Industry 4.0 based sustainability orientated in the supply chain.
The steps of AHP are given as (Luthra et al., 2016b) :
Step 1: Formation of the aim of study AHP helps to determine the priority of dimensions of challenges and related challenges through expert's inputs. A hierarchy of challenges with regard to objective of this work is developed in discussion with experts. For AHP analysis, an expert panel of seven experts (three academicians and four industry professionals) is formed. Two professors from operations area, one professor from information systems, two industrial engineers, one production manager and one supply chain manager were selected. The experts selected were highly knowledgeable and skilled based professionals in the field of manufacturing systems and supply chain activities. The experts selected are having with more than 10 years of working experience. This hierarchy has three different levels (see Figure 2 ): Prioritize the challenges to Industry 4.0 initiatives for sustainability orientation in supply chains (Level-1), the four dimensions of challenges and eighteen challenges (Level-3). Step 2: Develop the pair wise comparisons among challenges.
Based on the experts' judgment, the pair wise comparisons were made for both dimensions of challenges and the challenges through Saaty's scale (Saaty, 1980) . OR2   OR3   OR4   LE1   LE2   LE3   LE4   ST1   ST2   ST3   ST4   OR5   OR6   TE1   TE2   TE3   TE4 Prioritize the challenges to Industry 4.0 initiatives for sustainability orientation in supply chains
Step 3: Compute the relative importance weights and the consistency ratio Based on pair wise comparisons, relative priority weights are calculated as shown in Table 5 . 'Organizational challenges (OR) (0.2976)' dimension is reported as the most important challenges followed by 'Technological challenges (0.2810)'; 'Strategic challenges (0.2454)' and 'Legal and ethical issues (0.1760).
Next, the priority weights for challenges were calculated. As shown in Table 5 . 
Discussion
The present study conducts EFA analysis to validate and reduce the identified 18 challenges into Internet connectivity also needs to be improved in Indian context especially in the rural regions.
Next challenge is the 'Lack of integration of technology platforms (TE4)', which suggests that the integration of technology is required to support different heterogeneous cyber physical components. Last challenge is the, 'Poor existing data quality (TE2)', which suggests that the data quality is a critical concern to Industry 4. only responsible for their own data security, but also for the data security of supply chain partners linked to them (Müller et al., 2018) .
Conclusions
This work seeks to recognize and analyse the challenges to Industry 4.0 initiatives for accomplishing sustainability orientation in supply chains. Industry 4.0 based sustainability oriented concept helps industrial managers not only to incorporate environmental protection and control measures but also to couple process safety and employee and community welfare measure in their supply chains.
Theoretical contribution
The integration of Industry 4.0 and sustainability is in its very initial stages (de Sousa Jabbour et al., 2018a). Currently, Industry 4.0 is relatively novel to developing nations, especially in India and needs a clear definition to for proper understanding and practice in business. To help manufacturing systems, 18 key challenges to Industry 4.0 based sustainability oriented supply chains are identified using an extensive literature survey. These challenges were further analyzed through 96 responses received from Indian manufacturing sector using a questionnaire based survey.
EFA provides theoretical foundation to the challenges. AHP ranks the identified dimensions of challenges and related challenges using responses received from the experts. Findings of the study reveal that among the four dimensions of challenges -Organizational challenges holds the highest importance followed by Legal and ethical issues, Strategic challenges, and Technological challenges. This work is an initial effort to contribute in theory to Industry 4.0 diffusion leads to smarter and sustainable manufacturing system and value chain.
Industry 4.0 initiatives have the full potential of unlocking supply chain sustainability in emerging economies by developing green products, green production operations and processes, etc. It may act as a ready reckoner for the practitioners and policy makers of developing economies for an in-depth understanding of Industry 4.0 initiatives and eradicate the potential challenges and hurdles in effective Industry 4.0 adoption while developing environmental, human and community welfare, economic gains and overall sustainability in supply chains.
Managerial contribution
Industry 4.0 is a vision for the sustainable future of the value chains. This research work offers several implication for process engineers and industrial managers. This study provides theoretical basis to understand the potential challenges to Industry 4.0 to develop sustainability of supply chains. The knowledge of challenges can assist process engineers and industrial managers to focus on the design, operation, control and optimization of processes and operations crucial to sustainable business development. This work facilitate process design and practicing managers to accurately understand and eradicate the potential hurdles in selecting appropriate material and adopting modern information technologies, such as IoT, cloud computing and robotics for designing and manufacturing the products in a most sustainable way. This will further help process design and practicing managers to employ superior industrial control through robots, sensors, to achieve a higher productivity, improved economy and safety in a sustainability oriented manufacturing environment. This study suggests that cyber physical network is largely depends on Industry 4.0 and possess different implications for sustainability in business.
Managers need to consider sustainability aspects while adopting modern technologies i.e. 
Limitations and future directions
This study has few limitations that can be considered opportunities for future work. The work suggests eighteen challenges; some of the other challenges in different country context may be included in future studies. This work has been conducted in Indian context; however, findings could be extended to other developing nations with marginal modifications. Further, we seek to compare the findings between different developing nations in future studies. The statistical procedures used in this work suggest sufficient validity. However, large and more geographically diversified sample throughout India may be taken in future studies. The key challenges were ranked using expert's views. Experts were not randomly selected. The opinion of the experts may be biased. In future work, sensitivity analysis may be performed. In future research, the identified challenges may be examined further to know their causal and dependencies. In addition, authors also seeking to develop/test a detailed conceptual framework of challenges using Structural Equation Modeling (SEM) in future studies.
